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Abstract 
Preoccupancy purging of air-conditioned rooms is practiced in buildings in order to remove air contaminants so that 
acceptable indoor air quality can exist at the start of occupancy, in accordance to standards such as ASHRAE 
Standard 62-2001. During a typical daily exercise, the fresh intake and exhaust air dampers are fully opened to allow 
adequate ventilation with the outdoors. In the present work the effectiveness of preoccupancy purging in an office 
building of a university in a tropical climate is studied. Observations of indoor CO2 levels, relative humidity and 
temperature around the time of preoccupancy purging are made. The duration of purging is varied so as to assess the 
optimum period. Preliminary results indicate that that preoccupancy purging may not be required for the building of 
study. It is also found that the current practice of preoccupancy purging promotes the growth of mold. 
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1. Introduction 
The American Society of Heating and Refrigeration Engineers (ASHRAE) Standard 62-2001 [1] 
emphasizes that ventilation may need to precede occupancy for variable-occupancy spaces to assure that 
the indoor air is acceptable, in relation to contaminants, at the time when occupancy begins. These 
contaminants refer to residual particles suspended in stale air and those deposited on building materials 
and furnishings before the start of occupancy. The practice of ventilating a preoccupied space before the 
start of the day, for a certain duration and rate of ventilation is referred to as preoccupancy purging or lead 
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ventilation. Apart from contaminant removal prior to occupancy, preoccupancy purging prevents indoor 
humidity levels which lead towards the growth of mold and fungi [2]. In addition, demand controlled 
ventilation using CO2 is also practiced as an effective energy saving strategy for buildings in ensuring 
both good indoor air quality and energy saving by controlling ventilation based on actual occupancy [3]. 
Similar to ASHRAE, Malaysia has the Code of Practice on Indoor Air Quality 2005 [4] under Act 514, 
which provides guidelines to ensure that employees and other occupants are protected from poor indoor 
air quality that could affect health and well being and also reduce productivity. This code is administered 
at a ministerial level by the Department of Occupational Safety Health (DOSH). Under this code, the 
maximum concentrations of CO2 and CO are 1000 ppm and 10 ppm, respectively. Indoor air contaminants 
of biological origin such as mites, viruses and spores, however, are not covered by the abovementioned 
document. The compliance to this code was not to be mandatory at the time when this report was written.  
This paper presents a case study on the effectiveness of preoccupancy purging in office rooms of a 
university in Malaysia. University office spaces were chosen for ease of measurements due to their sizes; 
most offices in Malaysia apply the open-area concept where it is difficult to measure the effects of 
preoccupancy purging. The Universiti Teknologi Petronas (UTP) campus had another important feature to 
offer, its location within a thick virgin jungle and closeness to the coastline provided for the high moisture 
levels required in the experiments of the current work. Based on these considerations, an office space 
within the UTP campus was chosen as a case study for the current work. The office was also chosen in the 
study because of its low occupancy throughout the day, whereas preoccupancy purging was applied to all 
air-conditioned areas disregard of the size of occupants during the day time. The current purging strategy 
for the UTP air handling systems is between 4.00 am and 5.00 am by the maintenance department of the 
university based on the common practice of local engineers. During the preoccupancy purging, the blower 
of the air handling unit (AHU) was operated at 50% of the maximum speed while the dampers for fresh 
air and exhaust air were fully open. The chilled water supply valve remained fully shut and the Variable 
Air Volume (VAV) dampers were 100% open for effective removal of contaminants. The effectiveness 
was measured only in terms of the levels of CO2 and relative humidity. Measurements of other 
contaminants were not performed due to unavailability of related instruments.  
2. Methodology 
The study was conducted between September and October 2009 by measurements of indoor air 
temperatures, relative humidity and CO2 content in a selected typical office room having dimensions of 
3.3 m by 3.1 m by 2.7 m (height). The office room is located on the highest floor of a four-storey building 
in a university situated less than 200 km to the North of Kuala Lumpur with similar ground elevation 
(62 meter average) and climatic conditions. The local outdoor design condition corresponds to dry bulb 
and wet bulb temperatures of 32.5°C and 26.9°C, respectively, with a daily temperature range of dry bulb 
(DB) temperature of 8.2°C. The building, in which the room of study is located, is surrounded by jungle 
with a distance of about 7 km away from the closest urban area.  
Each of the floors of the building comprised of two air-conditioned areas or wings identified as the left 
and right wings. Each wing comprised individual lecturers’ offices, which were fully air-conditioned. The 
area in between the two wings was not air-conditioned but was naturally ventilated. Air handling units 
(AHU) located in a plant room to the right of the layout served each of the office wings. The main 
controls of the air conditioning systems, including the start-up and shutdown time of the AHUs, were 
remotely operated from the control room located at the administration complex adjacent to the site of 
study. The small rooms within the floor area are mainly the lecturers’ office rooms, each occupied by one 
lecturer. The walls of each of the rooms are made of glass and steel frames, with the exception of a white 
gypsum board of 1.8 m by 2.4 m (height) on two sides of the walls. The office room has a raised floor of 
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carpet finish and a suspended ceiling of 13-mm gypsum board. During office hours the room is supplied 
with cool air through a variable air volume (VAV) system ducting. All other adjacent rooms, which are of 
the same sizes, are supplied by the same AHU through a main ducting, and therefore the conditions in 
other rooms during preoccupancy purging are assumed to be about the same. One of the walls for all the 
rooms is facing the outdoor, although none of the rooms have windows. The air flow rate in the main duct 
during the typical daily operation at office hours is 9680 m3/h at 100% AHU motor load. 
The official working hours is between 8.00 am and 5.00 pm and the AHU supplies cool air between 
7.30 am and 7.00 pm. During the study, preoccupancy purging was conducted daily by the maintenance 
personnel for one hour starting from 4.30 am. It was unclear of why one hour was chosen although there 
was a tendency that it was based on common practices by local operators elsewhere. During purging, the 
chilled water supply valve is shut and the blower motor is operated at only 50% load. The fresh air intake 
and exhaust air dampers are fully open. At the end of the purging, the AHU is turned off. 
The main interest of the measurements was to gauge the conditions of air around the time of 
preoccupancy purging and to seek for possibility in saving of electrical energy through reduction of 
purging duration. Measurements of the temperature, relative humidity and CO2 levels in the room were 
performed concurrently for a period of 24 hours using Telaire® 7001 CO2, temperature and air quality 
monitor, which was equipped with a built-in data logger system. The instrument was accurate to ± 1°C 
for temperature and ± 50 ppm for CO2. During measurements, the instrument was placed at about 
750 mm above the finished floor level in the middle of the room. The collected data was logged through 
the instrument manufacturer’s HOBOware Lite software and was further processed in spreadsheet using 
Microsoft Excel software. The interval between each consecutive measurement was five minutes. 
In this study the duration of preoccupancy purging was varied between 20 and 60 minutes (10-minute 
interval) on different days, while recording the conditions of air in the room. Controls of the start and stop 
times for the purging were done at the control room located in a different building. The purpose of such 
variation was to gauge the appropriateness of the present duration of 60 minutes from the aspects of 
relative humidity, level of CO2, latent heat and electrical energy consumption. During preoccupancy 
purging, the indoor relative humidity of the building increases due to the inflow of humid outdoor air and 
thus results in an increase in the latent heat inside the building. The latent heat is expressed as 
 
ωρ Δ= qhQ welatent   (1) 
where hwe is the latent heat of vaporization of water (in kJ/kg), ρ is the air density at standard conditions 
(in kg/m3), q is the air flow rate (m3/s), and Δω is the humidity ratio difference.  
3. Results and Discussions 
Shown in Fig. 1 is the typical variation of relative humidity with time in the room of study throughout 
a typical day during the weekdays. It is shown that at midnight, the relative humidity was readily high at 
about 65% (higher by 5% than that recommended by ASHRAE) and was gradually increasing. However, 
during preoccupancy purging at 4.30 am, there was a sudden increase in the relative humidity, which 
reached to about 72% in 15 minutes. Even after the AHU blower was turned off, the relative humidity 
were constant at about 71%. As the AHU was turned on with the supply of chilled water, the relative 
humidity dropped very quickly owing to the condensation of air at the surface of the cooling coil when 
fed with chilled water. By 8.00 am the indoor relative humidity was well below 60% and was maintained 
at between 55% and 60% until the AHU was turned off at 7.00 pm. The relative humidity slowly built up 
after that and reached back the 65% relative humidity point by the following midnight. 
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Obviously, the preoccupancy purging had increased the indoor relative humidity, as evident by 
discovery of drops on the walls when the occupants turned up in the mornings. The other more serious 
discovery was on the development of mold on leather products. The problem was identified quite long but 
the building operator was left in a puzzle since the relative humidity throughout the day was at a 
reasonably low level of about 55%, as shown in Fig. 2. It is evident in Fig. 1 that the occurrence of high 
indoor relative humidity (above 70%) at between 4.30 am and 8.00 am might have been the major reason 
for the growth of mold. It must also be noted that the indoor relative humidity was also higher by up to 
5% than the level recommended by ASHRAE to avoid mold at between 8.00 pm and 4.30 am. The 
finding shows that it can take shorter than 24 hours, as usually presumed [2] for an indoor relative 
humidity of over 60%, to cause the growth of some forms of fungi or mold. 
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Fig. 1. Variation of relative humidity with time in the room of study throughout a typical day during the weekdays 
 
Shown in Fig. 2 is the variations of indoor air temperature and level of CO2 with time within the 
location of study throughout a typical day during the weekdays. The level of CO2 was at approximately 
500 ppm at midnight with gradual but minimal increase. At the time of preoccupancy purging, the trend 
of increase did not change much despite the ventilation. The detailed observation during the period of 
purging is elaborated in the succeeding pages. By 8.00 am the level of CO2 started to increase due to the 
presence of occupants in the room. The maximum level of CO2 never exceeded 700 ppm throughout the 
24 hour period. The fluctuations in the graph during the office hours could have been due to the 
movement and activities of occupants throughout the day. At the end of the day, the level of CO2 dropped 
to 500 ppm, and slowly increased after the AHU was turned off at 7.00 pm. The air temperature in the 
room in Fig. 2 is shown to not exceed 29°C at anytime with the maximum temperature reached just 
before the start of the AHU in the morning. The lowest temperature throughout the day was 22.5°C, 
which occurred at about 4.30 pm. From a closer look at the data, the temperature of air did not drop more 
than 0.03°C during the preoccupancy purging, despite the finding in a four-season country that significant 
cooling could occur with the help of the relatively cooler outdoor air at night; e.g.[5].   
Table 1 shows the relative humidity and level of CO2 at different durations in the room during 
preoccupancy purging at 4.30 am. The relative humidity is shown to be quite consistent at around 70%. 
The minimum values were between 68.1% and 73.2%, and the maximum values were between 71.6% and 
77.3%. The higher relative humidity when the purging duration was 30 minutes could be due to the rain, 
which increased the outdoor’s relative humidity, at the time of measurements. In general, the effect of 
purging duration on the indoor relative humidity is not clear. All of the selected durations would result in 
inappropriate level of relative humidity that would promote the growth of mold. With regard to the level 
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of CO2, it is shown in Table 2 that the amount of CO2 in the indoor air was consistently low between 505 
and 545 ppm in comparison to the recommended 1000 ppm maximum limit. It is clear also that the 
preoccupancy purging was not required as the level of CO2 was readily low and within the acceptable 
range even if the duration of purging were to be reduced to 20 minutes. Such situation of low contaminant 
levels usually occur in low occupancy cases as reported in a literature [6], which suggests that the control 
strategy be adjusted from preoccupancy purging to a lower ventilation rates during occupancy. 
20
22
24
26
28
30
32
34
36
38
40
0
100
200
300
400
500
600
700
800
0 2 4 6 8 10 12 14 16 18 20 22 24
A
ir
 Te
m
pe
ra
tu
re
 (°
C)
Le
ve
l o
f C
O
2
(p
pm
)
Time (hrs)
Preoccupancy
purging
Temperature
Level of CO2
 
Fig. 2. Typical variations of air temperature and level of CO2 with time throughout a day during the weekdays 
 
Table 1. Relative humidity and average level of CO2 during preoccupancy purging at different durations 
 
Shown in Table 2 are other properties of air during purging at 4.30 am for different durations in the 
room of study.  Also shown in the Table are the latent heats gained by the room as a result of increase in 
the indoor humidity during purging, for different durations as estimated using Equation (1). The air flow 
rate was provided by the maintenance personnel from the control and monitoring panel, which was 
required for the calculation of latent heat. The humidity ratio was obtained from the ASHRAE 
Psychometric Chart No. 1 (for sea level) based on the average dry bulb temperature and relative humidity. 
It is shown in Table 3 that the latent heat introduced is small. Nevertheless, if the whole floor is taken into 
consideration, the latent heat gain would account to about 4 kW (60-minute purging), which is about 11% 
of the peak load (43 kW) for the whole floor.  
Saving in energy could also be realized from the electrical power to operate the fans. With the AHU 
blower operating at 50% load, the total electrical power consumption would be 24 kW after counting in 
the motors for fresh air fan and exhaust air fan. Therefore, the total savings in energy if the duration of 
purging is reduced to zero would be 28 kW, although the actual value would be higher if the efficiencies 
of pumps and chillers in the plant room for generation and distribution of chilled water were to be taken 
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into account. The amount of saving is not negligible particularly if the other areas, of the same nature of 
operation in different buildings, are taken into account (a total of 16 buildings). 
 
Table 2. Conditions of air and the resulting latent heat as a result of preoccupancy purging for the room of study 
 
In order to assess the effect of reducing the duration of preoccupancy purging to the indoor comfort, a 
survey was conducted among the occupants on 11 September 2009 for no-purging case. The occupants, 
comprising of 14 respondents, were asked on how they feel with regard to the quality of air in their 
offices. From the survey, 84% of the respondents were satisfied with the air quality in their offices on that 
day as well as on other recent days. Hence, it can be suggested that reduction in the duration of 
preoccupancy purging has no effect to the occupants of the stated office area. 
4. Conclusions 
It can be concluded that the indoor levels of CO2 in the office is always lower than that recommended 
by the local standard of 1000 ppm, and thus preoccupancy purging may not be necessary. In addition, it is 
found from the study that preoccupancy purging increases the indoor relative humidity up to over 70%. 
The high moisture content in the air, though is not an issue of thermal comfort at dawn, is evident to 
promote the growth of mold, which results in the opposite effect to the objective of purging. From the 
aspect of energy saving, if preoccupancy purging were to be reduced considerable saving in energy can be 
achieved through elimination of latent heat resulted from the increase in humidity ratio and also in the 
electrical motor power.  
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